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Description 

BACKGROUND OF INVENTION 

1 . Field of Invention 

The present invention relates to the field of agriculture and more specifically to the field of combatting plant dis- 
eases and injuries by a pathogen by means of a composition comprising a natural polysaccharide, chitosan, as a main 
ingredient, an organic acid, and, as desired, various biologically active substances for enhancing their effect 

The present invention is much superior to any agricultural chemicals (pesticides) currently used in terms of envi- 
ronmental safety, can be used widely as a biological agent against diseases of, and injuries to. crops and has equal or 
better effects on pathogens compared to the above pesticides, for the treatment of seeds and saplings before seeding 
of crops, for treatment of plants during growth, and for application to the soil before dissemination (planting). 

2. Related Art 

Compositions comprising chitosan as a main ingredient for use in cultivation of agricultural plants as the plant 
growth regulator have already been known (US Patent No. 4,312,159). The known compositions include the following 
compounds (% by volume): 

chitosan 0.1 - 10, mainly 2, 
glutamic acid 0.1-10, mainly 2, 

wherein the weight ratio of chitosan to glutamic acid is 1 :1 . 

Major disadvantages of the known compositions comprising chitosan as a main ingredient include its narrow range 
of functions, i.e., they function only as the plant growth regulators. 

By analyzing the conventional state of the art. it was found that the activity so far known for chitosan and organic 
acids as well as all biologically active substances (excluding catapol, salicylic acid, and monosubstituted orthophos- 
phite sodium) is only the growth regulating action. For catapol, only the fungicidal and the algicidal actions are so far 
known. Salicylic acid has been used as a fungicide and for treatment of rheumatoid diseases. For monosubstituted 
orthophosphite sodium, the prevention of mycosis of the seeds of the grass plants and other garden plants has been 
known. 

SUMMARY OF INVENTION 

Thus, the purpose of the present invention is to provide a novel composition which is capable of imparting to plants 
not only the ability of controlling the growth of the plants but resistance to a wide range of plant pathogens. 

According to the first embodiment of the invention, the present invention provides a composition for enhancing 
resistance to plant diseases comprising the following ingredients: 

(1) chitosan with a molecular weight of 800 - 1 50,000 and a degree of deacetylation of 65 - 97% 0.004 - 0.500% by 
weight; 

(2) the following organic acids or a mixture of the organic acids (a) and (b) 0.004 - 0.500% by weight 

(a) lactic acid or succinic acid or both; 

(b) lactic acid or succinic acid or both, and glutamic acid or a salt thereof; 

(3) one to three biologically active substances selected from the group consisting of a natural or synthetic plant hor- 
mone, a natural unsaturated fatty acid or a synthetic derivative thereof, an alkyldimethyibenzyl ammonium salt of a 
copolymer of N-vinyl pyrrolidone and crotonic acid, phenolic acid, and an inorganic salt; and 

(4) water all of the remainder, 

wherein the weight ratio of the ingredient (1) and the ingredient (2) is 1:1, the weight ratio of the ingredient (3) and the 
ingredient (1) is 0.0002 - 2:1, and pH is 5.6 - 6.0. 

As the plant hormone in the above ingredient (3), there can be mentioned heteroauxin (p-indol acetate, IAA), a syn- 
thetic fluorine compound such as FF806, and the like. As the natural unsaturated fatty acid or a synthetic derivative 
thereof in said ingredient (3) there can be mentioned oleic acid, linoleic acid, linolenic acid, arachidonic acid or 12-oxy- 
cis-9-octadecenic acid methyl ether, and the like. Furthermore, as the phenolic acid in said ingredient (3), there can be 
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the inorganic acid salt ins said ingredient 



ere can be mentioned mono- 



mentioned, for example, salicylic a< 

sodium phosphite. 

' According to the second embodiment of the present invention, there is provided a composition for enhancing resist- 
ance to plant diseases comprising the following ingredients: 

(1) chitosan with a molecular weight of 41 ,600 - 800,000 and a degree of deacetylation of 75 - 90% 0.004 - 0.500% 

by weight; . 

(2) the following organic acids or a mixture of the organic acids (a) and (b) 0.004 - 0.500% by weight 

(a) lactic acid or succinic acid or both of the two; 

(b) lactic acid or succinic add or both of the two and glutamic acid or a salt thereof; 

(3) water all of the remainder, 

wherein the weight ratio of the ingredient (1 ) and the ingredient (2) is 1 :1 . 

Preferably, the above essential ingredients are supplemented, as an optional component with a biologically active 
substance (3) which is a natural or synthetic plant hormone, a natural unsaturated fatty acid or a synthetic derivative 
thereof as the optional ingredients. As said natural or synthetic plant hormone as the above optional ingredient for 
example there can be mentioned heteroauxin, fluoroxane(a-(4-methylaminobenzene)-p. p. p-trifluorolactic acid ethyl- 
ether hydrochloride), a synthetic fluorine compound such as FF-806, and the like. Furthermore, as said natural unsatu- 
rated fatty acid or a synthetic derivative thereof as the above optional ingredient, there can be mentioned, for example, 
arachidonic acid, a methyl ether of 12-oxy-cis-9-octadecenic acid, and the like. 

Chitosan is a natural polysaccharide, p-(1-4)-2 acetamide-2-deoxy-D-glucopyranoside, having a polymenc nng 
structure, and is represented by the following structural formula: 



J? 



CH,0H 



CH*0H 




J n 




40 



45 



50 



wherein, m+n is 100 mole %, n is 65 • 97 mole %, and the molecular weight is 300 - 1.000,000. In the first embodiment 
of the present invention, preferably the chitosan has n (degree of deacetylation) of 65 - 97%. and a molecular weight of 
800 - 150,000. In the second embodiment of the present invention, the chitosan has n (degree of deacetylation) of 75 - 
90%, and a molecular weight of 41 ,600 - 800,000. 

Heteroauxin (p-indol acetate, IAA), a natural plant hormone, is a hormone having the growth promoting activity and 
is represented by the following chemical formula: 



CHtCOOH 




55 Fluoroxane. a synthetic derivative of a plant hormone, is a-(4-methylamino benzene)-?, p, p trif luorolactic acid ethyl 
ether hydrochloride which has the ability of controling growth (control of cell division) and is represented by the following 
formula: 
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HNCH, • HCl 




10 



PjC-C-COOCH. 

I 

OH 



FF-806 is a synthetic fluorine compound having the ability of corrtroling plant growth and is represented by the fol- 
15 lowing formula: 



so 



25 



CP, 




0CH a 



COOCH, 



An alkyl dimethyl benzyl ammonium salt of a copolymer of N-vinyl pyrrdidone and crotonic acid is also called 
catapol and is represented by the following formula: 
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CH- 
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CH, 



CH 

I 

coo- 

/CH, 
C«H»CH,rT r~CH, 
^R 



wherein, m = 80 - 85 mole %, k= 15-20 mole %, R = C n H 2m .i, n=10 - 18, and the molecular weight is 12,000 - 400,000 
D. 

The methyl ether of 12-oxy-cis-9-octadecenic acid has the ability of corrtroling plant growth and is represented by 
45 the following formula: 

CH3-(CH2)4-(CH=CH-CH2)4-CH 2 CH 2 -COOCH3. 

The composition of the present invention may be obtained by dissolving chitosan in an aqueous solution of lactic 
so acid, succinic acid, or a mixture thereof and glutamic acid with the weight ratio of chitosan and the organic acids being 
1 :1 . The other biologically active substance additives are added to this solution as an aqueous solution. When desired 
(for example, in the case of IAA and FF-806), a small amount of dimethyl sulfoxide (0.05 - 0.1% of the final concentration 
of the composition) is used. 

The possibility of using the composition of the present invention discovered by the inventors as an environmentally- 
55 safe biologically-active agent for plants is not obviously derived from the structure and the known property of each 
ingredient and the overall composition. 

The effect of these compositions are inferably derived from the previously unknown ability of chitosan to enhance 
a nonspecific planfs resistance to harmful organisms in general as an environmentally-safe biologically-active agent. 
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This is endorsed by Table 1 . The ccSPRition of the present invention is soluble in ml^has a favorable coat-forming 
property and permeability, has a high attachment property to the plants, is active and stable at around a neutral pH of 
5.6 - 6.0 (when desired, pH may be adjusted by adding sodium carbonate), and has no plant toxins. 

In order to demonstrate that the proposed solution is consistent with the conditions for Industrial applicability" and 

5 to permit better understanding of the nature of the invention, specific examples are presented below. However, it should 
be noted that the nature of the present invention is not limited to these examples. 

The activity of the composition of the present invention as an environmentally-safe plant protecting agent activ 
against a wide range of pathogens at various stages of plant growth was discovered tor the first time by the inventor of 
the present invention, and the activity cannot be obviously derived from the structures and the known properties of 

io these compositions and the ingredients thereof as a whole. 

As far as can be inferred, the effect of the composition of the present invention is based on the so far unknown abil- 
ity of chitosan that, when the environmentally-safe biologically active chitosan is combined with other ingredients of the 
composition, acts as a plant activating agent which is resistant to diseases caused by a series of harmful organisms, 
due to differences in the material metabolism between the pathogen and the plant 

is The substances having the above-mentioned activity are limited to particular combinations of chitosan with strictly 
specified organic acids and several other compounds. This is related to the fact that the present composition induces 
disease resistance in plants by the following two methods: 

By the increase in the oxidation potential of the cell. The oxidation potential is enhanced by the natural fatty acids 
20 having unsaturated (double) bonds (oleic acid, linoleic acid, linolenic acid, and arachidonic acid) or the unsaturated 
analogues thereof (local disease-resistance). 

By the activation of the protective genes of plants. This activation is derived from the presence of a specific natural 
or synthetic hormone (for example. IAA, and FF-806), a phenolic acid (for example, salicylic acid) and an inorganic 
acid (for example, NaH 2 P0 4 ) in the ingredients of the composition, which causes systemic disease resistance in 
*4 the plant tissues. 

Therefore, by various biologically active substances and the compositions thereof, the same technical results (the 
enhancement of disease resistance in plants) can be obtained by the same method. 

The composition of the present invention is soluble in water, has a favorable coat-forming property and permeabil- 
30 ity, has a high adherent property to the plants, is active and stable at around a neutral pH of 5.6 - 6.0 (when desired, pH 
may be adjusted by adding sodium carbonate), and has no toxicity to plants in the range of concentrations commonly 
used. 

By utilizing the present invention, even a marked reduction in the concentration of a biologically active substance 
(heteroauxin 2 g, fluoroxane 0.2 g, FF-800 5 g, catapol 25-1.0 kg) can provide remarkably good protective results 
35 against diseases and injuries to crops, which leads to the improvement of ecologically-acceptable labor conditions and 
the prevention of contamination of the environment and crops by residual agricultural chemicals. 

EXAMPLES 

40 In order to demonstrate that the solution proposed herein is consistent with the requirements of "industrial applica- 
bility" and to permit more accurate understanding of the spirit of the present invention, specific examples are presented 
hereinbelow. It should be noted, however, that the spirit of the present invention is not limited to these examples. 



45 



Examples 1-9 



Examples 1 - 9 demonstrate the characteristics of the function of each biologically active substance in the develop- 
ment of the effects of the composition of the present invention having an aqueous solution of chitosan as the main ingre- 
dient, when seeds of barley are treated and when the seeds and the barley during growth are totally treated in order to 
combat a series of diseases. The cultivation of spring barley (variety Abava) was conducted at the experimental farm 

so of a limited company "Tversky Seeds" (Tver region) under the same field test condition in background of the natural 
infection factors. The soil of the experimental farm is a light loam podzol sod and is drained by a conduit The size of 
one compartment of the experimental section is 30 square meters and the experiment was conducted three times. The 
analysis of the plant pathological evaluation and the yield structure was conducted based on a commonly used method 
("Methodological Instructions on the National Testing on Pesticides, Antibiotics and Disinfectants of Crop Seeds," Mos- 

55 cow, 1985, page 130). 

The data in Examples 1 - 9 are shown in Table 1 and 2, which are comparable with each other. Table 1 (Examples 
1 - 5) show the data obtained when the composition having the composition of the present invention was used for treat- 
ment of the seeds before seeding. Table 2 (Examples 1,6-9) show the result of the total treatment including not only 
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the seed treatment before seeding but also the two treatments during the tillering and earring periods of the growing 
.barley . 

The data on the pathogenicity and productivity of the control plants (the barley which was not treated) are shown 
in Example 1 of Table 1 and 2. For comparison of the composition of the present invention, the widely used pesticide 

5 Baitan U (Bayer, Germany) 2 kg/t ("A list of chemicals, biological pesticides, growth regulators and pheromones permit- 
ted to be used in the field of agriculture during 1992 - 1996 for combatting and exterminating pests, diseases, and 
weeds," Cosmo (ear) publishing company Moscow, 1 994) was used for the treatment of the seeds (Examples 5 and 9), 
and BT (biological pesticide) dusting powder on the leaves (Bayer, Germany) 1 liter/ha (8) was used for the treatment 
of plants during growth (Example 9). Red stele in Examples 1 - 9 is represented by the pathogens Hglminthosppnyim 

io sativum Pamm. King et Bakke and Fusarium Sp. , and the blotches of the leaves by the leaf spot-causing organisms are 
represented by the pathogens Helminthosporium sativum Pamm. King et Bakke and Drechslera teres Ito. 
For treatment of the seeds, the following compositions were used in terms of % by weight: 

Example 2: chitosan - 0.3, succinic add - 0.20, glutamic acid - 0.1 , water - less than 100; 
is Example 3: chitosan - 0.3, succinic acid - 0.20, glutamic add - 0.1 , heteroauxin - 0.006 (6). water - less than 100; 
Example 4: chitosan - 0.3, sucdnic acid - 0.20, glutamic acid - 0.1, FF-806 - 0.016 (U.S. Patent No. 4,312,159). 
water -less than 100; 

The amount used of the composition for seed treatment - 30 liters/t. 
20 All the data on Examples 1 - 5 are shown in Table 1 . 
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65 The compositions for treatment of the seeds in Examples 6, 7, and 8 are the same as those in Examples 2, 3, and 
4 

For spraying to the plants during the tillering and the earring periods, the compositions with following composition 
were used in terms of % by weight: 
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Example 6: chitosan - 0.05, succinraRid - 0.03. glutamic acid - 0.02, water - less tffi^OO; 

Example 7: chitosan - 0.05, succinic acid - 0.03, glutamic acid - 0;02, heteroauxin - 0.05, water - less than 100; 

Example 8: chitosan - 0.05, succinic acid - 0.03, glutamic acid - 0.02, FF-806 - 0.05, water - less than 100; 

The amount used of the composition for seed treatment - 200 liters/ha. 
All the data on Example 1, and 6 - 9 are shown in Table 2. 



10 



is 



20 



30 



35 



40 



45 



50 



8 



EP 0 878 129 A1 



10 



15 



20 



25 



CM 

0) 



XX 



30 



35 



40 





bo 












4-> 














-4 


*»4 




,-1 


CM 


CO 


CO 


U 


c 












cd 


aj 


1 


«H 


CO 


© 


m 


CU 


o. 




CM 


CM 


CO 


CM 


> - 
















•J 












CO Q) 














00 














cu cd 














<n xJ 


X 












cd co 














cu 








O 


*o 




CO XJ 


• di 




* 


• 


• 


* 


*H cd 






-a- 




m 






<U 




CM 


CO 


CO 


-» 


rH 


i-i ex 










tM O 


-*4 -w 












o u 














JjJ 














DO C 














a o 














-4 o 














0* 

cd o 


M 




CO 


r-l 


f*. 


o 


0) XJ 


CU 


1 


O 


U> 


r*. 


cn 


u 

u — » 


1 

»— 1 






*0 


vO 




01 »4 














Q — ' 














at 


OO 

c 


co 


CM 


m 


r- 


<r 




c 

cu 


CO 


O 




«o 


CO 




o. 

•H 


CO 


CO 


CM 


CM 


CM 




►J 












tio 


K 

cd oi 












tens 


3 « 

t cu 

>> c 


o 
m 


Ol 
OO 


O 


♦H 

to 


CO 

co 


X 


— i O* 


CM 


«H 


•-« 




tH 
















ij 


X 












•a 


OO 


























t— i •• 


**4 












.O CO 


U 


CM 


r- 


r-4 


O 


eO 


V 

i-> 00 


CU 

f— » 


to 


CO 


CM 


CM 


fH 


O cd 


H 












O XJ 


*H 












cd w 


€-* 












cu 




























amf 










CO 


OV 


X 
U3 















o ■ 



o c 

XJ **4 

■a s 



X 

cd w 

> » 

-4 CU 



X 

ed « 

* <» 

I cu 

>% C 

CO 

—i a. 



oo 

*H O 
W -H 
U M 

cd ai 

CaJ O. 



OO 

c 



6 



C7\ 



CM VO 



r» to «-» 
«n m 



CM CM CM 

0O CO CO 



in o 

CM O 



o o 

i-4 CM 



0J CU 

« -a -a 

« 5 .9 



45 



50 



C 
o 
o 



00 
O — ' 



JX c 

00-4 
•W cd 

« u 

> 00 



w cu 

s s 



o 



E 
u 



6 
u 



OO 



6 n 

CU 0) 

*> *Jf 

CO cu 

e 

1X4 CO 

o u a* 
cd co 

U 01 

cu u» 

^ X 6 

B « 

3 *J 



a. 

§ 

x 



o 



r»» r- r** r*. 



CM 




CM 


o 


CO 


<T 
CO 


r- 

CO 


Ok 
CO 


at 

CO 


«o 

CO 



f-4 O 

co cn 



cu 
U3 



oo 

C 

> 
cd 

c 

cd 



IS 



^x 

Ed 



O 



55 



INSDOCID: <EP 0878129A1 _l_> 



9 



EP 0 878 129 A1 



FYflmp1es10-14 

Examples 10-14 demonstrate the effectiveness of the effects of the compositions containing chitosan, lactic acid 
and the additional ingredients (12oxy^cis-9-octadecenic acid methyl ether). The effectiveness was studied using as the 
5 example the combatting of potato's late blight pathogen (Phvtophthora infestans [Mont] de Bary). The examples were 
conducted under the condition which permits comparison with one another, that is, using the method in which the slice 
of the potato (Gatchinsky sp.) was artificially infected (inoculated) with the suspension of the conidia of the organism 
(200,000 conidium per ml). The state of the disease was evaluated based on the five-stage scoring for 5 days after inoc- 
ulation. All the data are shown in Table 3. 
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Examples 15 -31 

Examples 15-31 demonstrate the high biological effectiveness of the composition of the present invention when 
the seeds of wheat were treated for to combat the crop red stele pathogen Helminthosporium ssfcum Pamm. King et 

5 Bakke. The Examples were conducted in the background of artificial infection of wheat (Leningradka sp.) with H. sati- 
vum. The treatment of the seeds of wheat was conducted by the method of immersing them in the composition solution 
for 1 8 hours. Then, inoculation to the germinated seeds was conducted by the method of immersing in the suspension 
of H. sativum spores (80,000 spores per ml) for 24 hours. The wheat was grown under artificial illunination by the roll 
cultivation method. The pH of the composition was 6.0. The state of the disease was evaluated based on the 4-stage 

w scoring for the wheat on day 1 2 after germination. All the data are shown in Table 4. 
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Examples 32 ■ 36 

Examples 32 - 36 demonstrate the effectiveness of the effect of the composition in the protection of young tomato 
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buds (Volgogradsky 5/95 sp.) against tHFbacterial red stele pathogen (Erwinia Carotovora (Jones)-Holl.). The exam- 
ples were conducted under the condition which permits comparison with one another. The tomato seeds were 
immersed in the solution of the composition of the present invention containing 0.5% chitosan (1 g of the seeds per ml 
of the solution) for 4 hours. Then, after 18-24 hours, the seeds were cultivated in the Petri dish by creating the infection 
background by the method of similarly immersing them in the liquid medium of the bacteria (one million - three million 
bacteria per ml). The degree of diseases of and injuries to the plants were evaluated based on staging of the young 
buds on day 10 by the standard method. All the data are shown in Table 5. For the sake of comparison, the 80% sus- 
pension of the seed disinfectant TMTD (tetramethylthiuram disulfide) was used which has been proposed for this pur- 
pose. 



Table 5 



Example 


Composition contents (% by weight)* 


Disease seviarity 
(%) 


Degree of disease 
vs. Com. Ex (%) 




Chitosan 


Succinic acid 


Catapol 






32 
33 
34 
35 
36 


Cor 

0.5 
0.5 
0.5 

A 80% suspension 


reparative example - i 
0.5 
0.5 
0.5 

of seed disinfectant 


rater 

0.5 
1.0 

tetramethyl thiuram 


42.2 ±0.8 
27.0 ± 2.9 

17.3 ±0.8 
14.3 ±4.2 
19.3 ±2.1 


36.0 
59.0 
66.1 
54.3 



15 



20 



25 



R maining- water to 100% 



Examples 37 - 42 

Examples 37 - 42 demonstrate the effectiveness of the composition having the composition of the present invention 
30 in the protection of wheat against the powdery mildew pathogen (Ervsiphe oraminis DC. f . sp. tritici March). The exam- 
ples were conducted under the condition which permits comparison with one another. The composition comprising chi- 
tosan at a concentration of 0.1% by weight was sprayed onto the wheat (Kharkovskaya, 46 species) at the stage of 2 
leaves and after 24 hours the conidium of the pathogen are inoculated. The state of powdery mildew was evaluated on 
day 7 and 1 1 after the infection. For the sake of comparison, the bactericide VTN at a concentration of 0.0001% by 
35 weight was used in Example 42 (The 50th Germany Meeting of Infectious Disease Control, MOnster, September 23 - 
26, 1996)," "Federation Meeting of Agricultural and Forestry Biology," Berlin-Dahlem Publishing Co., No. 321, Berlin, 
1 996, page 259). All the data are shown in Table 6. 
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55 The composition of the composition for seed treatment is as follows in terms of % by weight 

Chitosan - 0.3, succinic acid - 0.2, glutamic acid - 0.06, heteroauxin - 0.006, salicylic acid - 0.06, catapol - 0.3, water 
- less than 100. 
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The amount used of the composrtlBP^SO liters/t 
The composition of the composition for spraying is as follows in terms of % by weight: 

Chitosan - 0.05. succinic acid - 0.05. salicylic acid - 0.05. water - less than 100. 

5 

The amount used of the composition - 200 liters/ha. 
Examples 43 - 46 

io The data of Examples 43 - 46 are presented in Table 7 and they can be compared with one another. 
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Examples 43 - 46 demonstrate the effectiveness, against a series of diseases of wheat of the composition of the 
present invention containing chitosan, IAA, catapol, and salicylic acid. The experiment on the composition of the 
present invention was conducted using spring barley at the permanent experimental farm at VNIIMZ (All Union Institute 
for Mechanization of Crop Cultivation) (Tver oblast). The sod of the experimental farm is the humus podzol soil and is 
drained by a conduit. The composition of the present invention was tested under the condition of the biological cuRiva- 
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. the chemical combatting system using the pesticide Baitan U, tilt was used 

(Example 46). 

In each cultivation system a control example using no combatting agent was set up (Examples 43 and 45). The size 
of each of the experimental compartment and the control compartment was 0.1 ha and the experiment was conducted 

5 three times. The compartments are systematically positioned in a line. The seeds were treated with the composition of 
the present invention (the amount of chitosan, 0.1 kg/t) and Baitan U (the amount 2 kg/t) using the PSSh-5 type disin- 
fection machine. Spraying to the plants was conducted using the OP-2000 type tractor sprayer (the amount of chitosan 
in the composition of the present invention is 0.1 kg/ha, the amount of tilt ("A list of chemicals, biological pesticides, 
growth regulators and pheromones permitted to be used in the field of agriculture during 1992 - 1996 for combatting 

w and exterminating pests. diseases, and weeds, "Cosmo (ear) publishing company, Moscow, 1994) 0.5 kg/ha), 

Seeding was conducted using the SZ-3.6 seeding machine. The analysis of the plant pathological evaluation was 
conducted based on the commonly used method ("Methodological Instructions on the National Testing on Pesticides, 
Antibiotics and Disinfectants for Crop Seeds," Moscow, 1985, page 130) before the regular spraying of the chemical 
during the tillering period, the earring period, and the maturity period. The analysis of the yield structure and the eval- 

is uation of the biological yield were conducted for the evaluation area of 1 m 2 unit 

The natural infection background in the control examples (Examples 43 and 45) in which no combatting agent was 
used was practically the same in any cultivation system, and tended to increase throughout the growth processes of 
barley. As a whole, the natural infection background was sufficient to evaluate the biological effectiveness of the com- 
position of the present invention. Red stele in Examples 43 - 46 are represented by the pathogens HQlminthQSPPjriMm 

20 sativum Pamm. King et Bakke and Fusarium Sp. , and the blotches of the leaves by the leaf spot-causing organisms are 
represented by the pathogens Helmirrthosoorium sativum Pamm. King et Bakke (dark brown blotches) and Drechsl ra 
teres Ito (meshed blotches), and Drechslera graminea Ito (striped blotches). The pathogen of RhynchQSporiOS is Btoflk 
chosporium graminicola Heins, and that of Septorios is Septoria nodurum Berk 

25 Examples 47 - 49 

Examples 47 - 49 are shown in Table 9. The table shows that these compositions, even at high concentrations (chi- 
tosan content, 0.1 - 0.2% by weight), do not directly inhibit the pathogen of grain's red stele (HelminthoaflDUQl sa&um 
Pamm. King et Bakke). The pesticidal effect was evaluated in vitro by adding the composition to the agar-containing 
30 Petri dish till it reaches the corresponding final concentration. To the Petri dish was inoculated the mycelium of a pure 
organism. On day 4, the diameter of the colony was measured and the result was expressed in terms of % relative to 
the result of the blank test. The number of repetitions of the experiment was 4. The data in Table 8 demonstrate that the 
preventive function of the composition lies in the enhancement of the plant's resistance against diseases. 
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Examples 50 - 66 

Examples 50 - 66 are derived from the experiments under the conditions comparable with one another. All the data 
are shown in Table 10, which shows the evaluation of the effect the compositions with different concentrations have on 

s the treatment of the seeds against the injuries by the pathogen of grain's red stele, H. sativum, and also the enhance- 
ment of the effect obtained when catapol was added to the composition. 

The experiment was conducted with wheat (Leningradka sp.) using the artificial infection background of H. sativum. 
The seeds of wheat were treated by immersing them into the solution of the composition for 18 hours. Among them, the 
germinated seeds were inoculated by immersing them into the suspension of the H. sativum spores (80,000 spores/ml) 

10 overnight. The wheat was grown under artificial illumination by the coil-form cultivation method. The pH of the compo- 
sition was 6.0. The state of the disease was recorded for the wheat on day 12 based on the 4-stage scoring. All the data 
are shown in Table 9. 
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Examples 6 7 - 71 

Examples 67 - 71 show the effect the composition of the present invention has on Phytophthora of potatoes. Exam- 
ples 67 - 71 was conducted under the conditions comparable with one another. All the data are shown in Table 10. The 

s experiment was conducted for the cut leaves of potatoes (cultivar DetskoselsWD, which were artificially infected with 
Phytophthora infestans [Mont] de Bary. The leaves on the upper part of the potato during the budding to early flowering 
period were placed into the wet chamber, to which the solution of the composition was sprayed. Immediately after the 
drying of the drips, the suspension of 3 - 4 fil of P. infestans conidia (500.000 conidia/ml) was inoculated on the leaves. 
On day 3 and 5 after inoculation, the state of the disease state was recorded (5-stage scoring). On the control leaves 

10 was sprayed water. 
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pvam ples 72 - 74 

Examples 72 - 74 were conducted under conditions comparable with one another. The data are shown in Table 1 1 . 
These examples investigate the effects the composition of the present invention has on the Phytophthora of potatoes 
under the condition tested. In these cases, the compositions were used for treatment of the rhizome prior to planting. 
The method of treatment is the semi-dry method. The criteria for the amount used of the composition was 0.1 kgA for 
chitosan and 20 IA for water. The composition was sprayed on the budding to the early flowering period and 10 days 
later for a total of two times. . 

The state of the disease is recorded based on the 5-stage scoring. The number of repetitions of the experiments is 
4 The spread of the disease is recorded for the newly harvested rhizome. It was confirmed that the number of healthy 
rhizomes doubled (relative to the result of the control) when the rhizome was treated prior to planting with the compo- 
sition of the present invention. Similar results were obtained in the experiment for 3 years. 

We are the first to discover that the chitosan-based composition can have a strong biological effect against Phy- 
thophthora. Since Phythophthora is one of the most dangerous injuries to potatoes (and other crops that are produced 
in large amounts and are required to be stored for a prolonged period of time), these results are not obvious, and are 
promising. Every year, up to 50% of the potatoes harvested are discarded because of Phythophthora. 
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Examples 75 - 79 

Examples 75 - 79 support the effect of the composition containing chitosan, lactic acid, and the additional ingredi- 
ents (arachidonic acid derivatives). 

This effect has been investigated for the Phythophthora pathogen of potato, Phythophthora infesfons [Mont] de 
Bary. These examples were conducted under conditions comparable with one another. That is, to the slice of potatoes 
(Gatchinsky sp.) 5 hours after the application of the composition; a suspension of the pathogen's conidia (200,000 
conidia/ml) was artificially infected (inoculated). After 5 days, the state of the disease was recorded by the 5-stage scor- 
ing. All the data are shown in Table 12. 



Table 12 



Example 


Composition contents 


Disease development (5 days 
after seeding) 




Concentration (%) 


Chitosan 


Lactic acid 


Additional 
ingredients 


Attach severity 


To control (%) 






(Part by weight) 






75 
76 
77 
78 
79 


Comparativ 

0.1 

0.5 

0.1 


e example - w 
1 
1 

1 


/ater- 

1 
1 

1 


0.1 
0.1 


4.4 
0.5 
0 

1.8 
0.14 


100.0 
11.4 
0 
40.9 
3.2 


Note: In the 
was used. 


3 experiments, chitosan having a molecular weight of 41600 D and a degree of deacetylation of 75% 
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Examples 80 ■ 81 

Examples 80 - 81 show the effect of the composition on Oidium ervsiohoides of tomato and PhythophthQra 
infestans [Mont.] de Bary. These examples were conducted under the conditions comparable with one another. The 

35 Phythophthora- oreventinq composition was added to the second foliage leaf period of tomato (cultivar Grezanda) and 
the powdery mildew-preventing composition was added to the five foliage leaf period. After 48 hours, the pathogen was 
inoculated. The state of the disease of powdery mildew was recorded by the standard method ("Methodological Instruc- 
tions on the National Testing on Pesticides, Antibiotics and Disinfectants of Crop Seeds," Moscow, 1985, page 130), 
and that of Phythophthora was recorded by the method of counting the number of conidia after washing the cut leaves. 

40 These examples are shown in Table 13. 
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Examples 82 • 90 

Examples 82 - 90 indicate that the composition can have an effect on the treatment of barley for the purpose of pre- 
venting various diseases by a variety of methods, that is, seed treatment, the total treatment of the seeds and during 
growth, and treatment during growth. In Examples 82 - 94, the spring barley (cultivar Abava) was cultivated at the exper- 
imental farm of a limited company Tver Seed Company" (Tver oblast) which is a light loam podzol sod drained by con- 
duit under the same field test conditions in the background of a natural high-level infection. The size of the experimental 
farm is 30 square meters x 3. The recording and analysis of the plant pathological evaluation of the tissues harvested 
was conducted based on the commonly used method ("Methodological Instructions on the National Testing on Pesti- 
cides, Antibiotics and Disinfectants of Crop Seeds," Moscow, 1985, page 130). 

The data in Examples 82 - 94 are shown in Table 14, 15, and 16, which can be compared with one another. 

Table 1 4 show the data obtained when the composition of the present invention was used for treatment of the seeds 
before seeding. 

Table 15 show the result of the total treatment of barley including not only the seed treatment before seeding but 

also the two treatments during the thick-growing and the earring period. 

Table 16 show the result of only two sprayings on barley during the thick-growing period and the earring period 
The red stele in Examples 82 - 94 are caused by Helminthosoorium sativum Pamm. King et Bakke and FMsqigni 

sp., and the Helminthosporium blotches of the leaves is caused by Helminthosporium sativum Pamm. King et Bakke 

and Drechslera teres Ito. 
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Exqrnple^ 9? - 9? 

Examples 95 - 97 indicate that the composition of the present invention having various compositions can have good 
effects even under the industrial conditions of treatment (seed treatment, total treatment of the seeds and during 
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growth, and treatment during growth) by various methods for the purpose of preventing various diseases. In this case, 
barley (cultivar Abava) was cultivated at the experimental farm of a limited company "Tver Seed Company" under the 
field condition of the industrial experiment This was conducted at the experimental farm of a light loam podzol sod and 
which was equipped with the conduit drainage system in the natural high infection background. The size of the experi- 

5 mental farm is 0.5 hectare x 3. The plant pathological recording and analysis of the tissues of the harvest were con- 
ducted based on the commonly used method ("Methodological Instructions on the National Testing on Pesticides, 
Antibiotics and Disinfectants of Crop Seeds," Moscow, 1985, page 130). 

Red stele in Examples 95 - 97 was caused by Helminthosporium sativum Pamm. King et Bakke and Fusarium Sp., 
and Helminthosporium blotches of the leaves was caused by Drechslera teres Ito (meshed blotch), Helminthosporium 

10 sativum Pamm. King et Bakke (dark brown blotch), and Drechslera teres Ito (muscular blotch). The seeds were treated 
7 days before seeding using the disinfection machine IIC-5 at an amount of 0.1 kg/t (in terms of chitosan in the compo- 
sition). Spraying onto barley during growth was conducted once with the composition having a chitosan concentration 
of 0.05% using the OII-2000 type tractor sprayer at the time of earring. All the data in Examples 95-97 are shown in 
Table 17. 
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Examples 98-101 

Examples 98 - 1 01 indicate that the composition having the composition of the present invention can have an effect 
on the harvesting of carrots and the prevention of damping-off when used for the treatment of the seeds of carrots 
5 before seeding. As the control experiment, the traditional treatment with 6 g/kg tetramethyfthiuram disulfide was con- 
ducted. The carrots were cultivated under the field test condition. After harvesting, the state of damping-off (Fusarium 
sp.) was investigated for the roots (inoculated under the condition of the wet chamber). Examples 98-101 are derived 
from the experiments under the conditions comparable with one another and all the data are shown in Table 18. 
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Claims 

1 . A composition for enhancing resistance to plant diseases comprising the following ingredients: 

5 (1 ) chitosan with a molecular weight of 800 - 1 50,000 and a degree of deacetylation of 65 - 97% 0.004 - 0.500% 

by weight; 

(2) the following organic acids or a mixture of the organic adds (a) and (b) 0.004 - 0.500% by weight 

(a) lactic acid or succinic add or both of them; 
w (b) lactic acid or succinic add or both of them and glutamic acid or a salt thereof; 

(3) one to three biologically active substances selected from the group consisting of a natural or synthetic plant 
hormone, a natural unsaturated fatty acid or a synthetic derivative thereof, an alkyldimethylbenzyl ammonium 
salt of a copolymer of N-vinyi pyrrolidone and crotonic add, phenolic acid, and an inorganic salt; and 

15 (4) water all of the remainder, 

wherein the weight ratio of the ingredient (1) and the ingredient (2) is 1:1. the weight ratio of the ingredient (3) and 
the ingredient (1) is 0.0002 - 2:1 . and pH is 5.6 - 6.0. 

20 2. The composition according to claim 1 wherein said plant hormone is heteroauxin or a synthetic fluorine compound. 

3. The composition according to daim 1 wherein the natural unsaturated fatty acid or a synthetic derivative thereof in 
said ingredient (3) is oleic acid, linoleic acid, linolenic acid, arachidonic acid or 12-oxy-cis-9-octadecenic acid 
methyl ether. 

25 

4. The composition according to claim 1 wherein the phenolic add in said ingredient (3) is salicylic add. 

5. The composition according to claim 1 wherein the inorganic acid in said ingredient (3) is monosodium phosphite. 
30 6. A composition for enhancing resistance to plant diseases comprising the following ingredients: 

(1) chitosan with a molecular weight of 41,600 - 800,000 and a degree of deacetylation of 75 - 90% 0.004 - 
0.500% by weight; 

(2) the following organic adds or a mixture of the organic adds (a) and (b) 0.004 - 0.500% by weight 

35 

(a) lactic acid or succinic add or both of them; 

(b) lactic acid or succinic add or both of them and glutamic acid or a salt thereof; 

(3) water all of the remainder, 

40 

wherein the weight ratio of the ingredient (1) and the ingredient (2) is 1:1, and pH is 5.6 - 6.0. 

7. The composition according to claim 6, said composition further comprising, in addition to the above ingredients, a 
biologically active substance (3) which is a natural or a synthetic plant hormone, or a natural unsaturated fatty acid 

45 or a synthetic derivative thereof at a ratio of 0.002 - 0.2 part by weight per one part by weight of chitosan. 

8. The composition according to claim 7 wherein said natural or synthetic plant hormone is heteroauxin, an ethyl ether 
hydrochloride of fluoroxane(a-(4-methylaminobenzene)-p, p, p-lactate trif luoride, or a synthetic fluorine compound. 

so 9. The composition according to claim 7 wherein said natural unsaturated fatty acid or a synthetic derivative thereof 
is the methyl ether of arachidonic acid, or 12-oxy-cis-9-octadecenic add. 
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